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(54) [Title of the Invention] Method of manufacturing a 
clad material using an extrusion method 



(57) [Abstract] 

[Object] To provide a method 
of manufacture in which the 
thickness of the shell can be 
altered easily and, moreover, 
in which a high quality of 
manufactured product can be 
maintained. 

[Constitution] A clad material 
comprising a shell and core is 
manufactured by the packing of 
a shell-forming first billet 7 
and a core-forming second 
billet 8 in sequence in the 
extrusion direction into a 
container 2, and the extrusion 
of the second billet 8 using a 
stem 5. The thickness of the 
shell can be altered by 
altering the compressive force 
acting on the second billet 8 
at this time. 
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[Scope of the Patent Claims] 

[Claim 1] Method of manufacturing a clad material in 
which a compressive force acts by. way of a stem on two 
types of billets arranged in a container to extrude them 
through a bearing, which method of manufacturing a clad 
material using an extrusion method is characterized in 
that a first billet for forming the shell of the clad 
material is arranged on the die side of the container and 
a second billet for forming the core thereof is arranged 
with connection to the first billet, wherein the clad 
ratio is altered by altering the abovementioned 
compressive force. 

[Claim 2] Method of manufacturing a clad material using 
an extrusion method according to Claim 1, characterized 
in that the abovementioned compressive force is 
determined on the basis of at least one condition 
selected from bearing length equivalent to the die hole, 
choke angle equivalent to the tilt angle where a bearing 
of a tapered shape is used, extrusion ratio calculated as 
the cross-sectional area of the billet/cross-sectional 
area of the manufactured product, and extrusion speed. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] The present invention 
relates to improvements to the method of manufacturing a 
clad material using an extrusion method. 
[0002] 

[Prior Art] The manufacture of clad materials, which 
constitute a laminate of materials of different 
properties, involves the lamination of either a joining 
material, corrosion-resistant material or shake-resistant 
material or the like on a surface material with the 
objective of improving the functional characteristics of 
the member material. A wide variety of methods of 
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manufacture thereof have actual application and one of 
these methods is an extrusion method. 

[0003] Techniques available for the manufacture of a clad 
material using an extrusion method include the "Method of 
manufacture of a solid clad material" disclosed in 
Japanese Unexamined Patent Application No. Heisei 3- 
138017. This technique, in which extrusion is performed 
employing a columnar core-forming billet in which a 
projecting insert protrusion is integrally formed in the 
center of the front-end surface and a shell-forming 
billet of a ring shape through which the insert 
protrusion is inserted and involves the use of a solid 
die in which the rear-end surface is formed as a recessed 
conical surface, constitutes a technique in which the 
thickness of the shell in the longitudinal direction can 
be made uniform by, utilizing the tilt of the conical 
surface of the rear end of the die, quantifiably moving 
the constituent member metal to a moulding hole. 
[0004] 

[Problems to be Solved by the Invention] However, because 
the above-described technique involves the utilization of 
the tilt of the die conical angle a lapping of the shell 
is liable to occur and, where defects such as cracks 
occur in the shell, these are produced as streaks (crease 
cracks) formed in the clad section, that is to say, in 
the shell. To prevent this a process for the removal 
thereof that involves, for example, a fixed level of 
machining of the surface must be performed on the shell. 
Accordingly, processing such as this lowers the quality 
of the clad material and results in an increase in costs. 
Furthermore, the shape of the billets used in the above- 
described technique is complex and the degree of freedom 
of shape thereof is restricted. 
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[0005] In addition, in the above-described technique, 
which is a technique that produces a shell of uniform 
thickness, there is no reference at all made to a 
technique for altering the thickness of the shell. 
However, a need has arisen in recent years to be able to, 
as required, alter the clad ratio as defined by the 
thickness ratio of the shell, and there is a subsequent 
need for development in the research thereof. Thereupon, 
the object of the present invention lies in the provision 
of a technique in which a simplification of billet shape 
can be achieved and in which alteration of clad ratio is 
possible. 
[0006] 

[Means to Solve the Problems] The present invention, 
which obviates the above-noted problems, is characterized 
in that, in a method of manufacturing a clad material in 
which a compressive force acts by way of a stem on two 
types of billets arranged in a container to extrude them 
through a bearing, which method of manufacturing a clad 
material using an extrusion method is characterized in 
that a first billet for forming the shell of the clad 
material is arranged on the die side of the container and 
a second billet for forming the core thereof is arranged 
with connection to the first billet, wherein the clad 
ratio is altered by altering the abovementioned 
compressive force. 

[0007] The present invention is further characterized in 
that the abovementioned compressive force is determined 
on the basis of at least one condition selected from 
bearing length equivalent to the die hole, choke angle 
equivalent to the tilt angle where a bearing of a tapered 
shape is used, extrusion ratio calculated as the cross- 
sectional area of the billet/cross-sectional area of the 
manufactured product, and extrusion speed. 
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[0008] 

[Action] Figures 1(a) and (b) represent general drawings 
of the method of manufacture of a clad material using an 
extrusion method pertaining to the present invention, 
wherein an extrusion device 1 for embodying the method of 
the . present invention comprises a container 2, a die 4 
comprising a bearing 3, and a plunger or stem 5. In (a) 
thereof, a shell-forming first billet 7 and a core- 
forming second billet 8 are packed in sequence into the 
container 2. In (b) thereof, the packed billets 7, 8 are 
extruded by a stem 5. 

[0009] Figures 2(a) to (d) are process diagrams of the 
manufacture of the clad material pertaining to the 
present invention. In (a) thereof, part of the first 
billet 7 is squeezed out through the bearing 3 by the 
pressing of the stem 5, and the center of the front 
surface of the second billet 8 is gradually expanded 
forward by this same amount. In (b) thereof, a 
substantial part of the second billet 8 is thrust into 
the center of the first billet 7. The arrows in the 
diagrams provide a schematic indication of the flow of 
the metal, (c) thereof illustrates the regular state in 
which a clad material 9 is extruded through the bearing 3 
when the shell produced by the first billet 7 covers the 
core produced by the second billet 8. (d) thereof 
illustrates the state in which this operation is 
continued further and the amount of first billet 7 and 
second billet 8 that remain has decreased. That is to 
say, this diagram illustrates the operation that is 
continued until one of either the billets 7 or 8 are used 
up. 

[0010] As is described below, the inventors of the 
present invention and their associates confirmed through 
tests that there is a notable difference between the 
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method of the present invention and hitherto employed 
methods. This difference is predicated upon the 
hypothesis logically explained below. Figures 3(a) and 
(b) are diagrams providing a logical explanation of the 
method of the present invention wherein, based on the 
regular state of abovementioned Figure 2(c), a first 
billet 4 has a triangular cross-sectional shape. This 
cross-section is referred to as the "dead metal' 7 and the 
shape thereof is determined by the properties of the 
material. Thereupon, in Figure 3(a), taking the tilt 
angle of the cross-section 4a of the first billet 4 as 0, 
the extrusion force along the sloping surface 4a as N, 
and the compressive force of the stem as P, the following 
relational expression is established. The tilt angle 0 
constitutes the angle at which, depending on the 
materials, slide is likely to occur. 
N = P-cosG (1) 

[0011] In Figure 3 (b) , it is assumed that part of the 
first billet 7 is pulled away by the shear force of the 
second billet 8 and, accordingly, taking the critical 
shear stress at this time as t and the cross-sectional 
area of the section pulled away along the sloping surface 
4a by the force N as A, the following equation is 
established. It should be noted that the critical shear 
stress t is a value determined by, amongst other things, 
the composition of the material and the temperature. 
N = i • A (2) 

In the above-noted equations (1) and (2), cosG and t are 
established as constants under said conditions. The 
following equations are additionally established from 
equation (1) and equation (2) : 
P-cosO = x-A (3) 
A = (cosQ/i) -P (4) 



8 



Because (cos9/t) in equation (4) is a constant, A can be 
altered by altering P and the thickness of the shell can 
be altered by altering A. It should be noted that this 
explanation constitutes a hypothesis only and supporting 
evidence for said is provided by the later-described test 
results. 

[0012] A specific method for the alteration of P was 
examined in accordance with the above-described 
hypothesis. Figures 4(a) to (d) are diagrams illustrating 
specific examples of the method of manufacture of the 
present invention and a comparative example thereto , 
wherein in (a) thereof, which constitutes the comparative 
example, the bearing 3A used was a straight bearing of 
diameter d and length 1. (b) illustrates a first 
practical example, wherein the length of the bearing 3B, 
which is taken as L, is significantly larger than the 
length of the bearing of the comparative example. By 
virtue of the fact that the resistance is greater, if it 
is assumed that the extrusion speed is unaltered the 
extrusion force P will increase and, as a result, the 
thickness of the shell will be increased, (c) illustrates 
a second practical example thereof, wherein the diameter 
of the bearing 3C, which is taken as D, is smaller than 
the comparative example. By virtue of the fact that the 
resistance is greater, if it is assumed that the 
extrusion speed is unaltered the extrusion force P will 
increase and, as a result, the thickness of the shell 
will be increased. Taking the diameter of the container 
as a constant, the extrusion ratio is altered in this 
case as a result of the alteration of the diameter of the 
bearing 3C. 

[0013] (d) illustrates a third practical example thereof 
in which the bearing 3D used was of a tapered shape of 
which the tilt angle thereof is referred to as the choke 
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angle and in which a choke angle a was established as 
appropriate. The choke angle of the comparative example 
is 0 but, by virtue of the fact that the resistance is 
greater when the choke angle a as indicated in the 
diagram is established because the bearing 3D is a 
pointed shape, if it is assumed that the extrusion speed 
is unaltered the extrusion force P will increase and, as 
a result, the thickness of the shell will be increased. 
In addition, in a structure (a) which constitutes a 
fourth practical example, by virtue of the fact that, if 
the movement speed of the stem is increased, the 
resistance is greater, the extrusion force P increases 
and, as a result, the thickness of the shell will 
increase. In this case, the extrusion speed is altered. 
[0014] 

[Practical Examples] A description of the practical 
examples of the present invention is given below. It 
should be noted that the bearing refers to a section 
within a hole provided in the die in which the actual 
moulding of the material occurs. In addition, as is 
described above, the extrusion ratio constitutes a value 
obtained by dividing the cross-sectional area of the 
billets by the cross-sectional area of the manufactured 
product. Figure 5 is a graph that pertains to the first 
practical example of the present invention in which the 
horizontal axis refers to the bearing length and the 
vertical axis refers to the clad ratio (%) . The clad 
ratio (%) is defined as (shell thickness (mm) -r clad 
material radius (mm)) x 100. 

First practical example: As is explained by the 
abovementioned Figure 4 (b) , the bearing length was 
altered in stages and the clad ratio (%) was examined at 
these times. The testing conditions thereof are outlined 
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in a table provided in the lower-half section of the 
diagram. 

Shell-forming first billet Aluminium 6063 
Core-forming second billet Aluminium 4032 
Billet temperature 450°C 
Choke angle 0° 
Extrusion ratio 24 

Extrusion speed 30m/min (stem speed) 

As is clear from the graph, the shell thickness can be 
altered by altering the bearing length. Notably, the 
bearing length directly affects the moulding of the 
material and linearly increases the thickness of the 
shell. However, if the bearing length is excessively 
increased contact friction will occur and, accordingly, 
there is a subsequent fear that this frictional force 
will fracture the shell. Thereupon, the upper limit 
adopted for the bearing length is of the order of 15mm. 
[0015] Figure 6 shows a graph that pertains to the second 
practical example of the present invention in which the 
horizontal axis refers to the extrusion ratio and the 
vertical axis refers to the clad ratio (%) . 
Second practical example: As is explained by the 
abovementioned Figure 4(c), the extrusion ratio was 
altered in stages and the clad ratio (%) was examined at 
these times. The testing conditions thereof are outlined 
in a table provided in the lower-half section of the 
diagram. 

Shell-forming first billet Aluminium 6063 
Core-forming second billet Aluminium 4032 
Billet temperature 450°C 
Bearing length 5mm 
Choke angle 0° 

Extrusion speed 400mm/min (clad material speed) 
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As is clear from the graph, the shell thickness can be 
altered by altering the extrusion ratio. However, if the 
extrusion ratio is enlarged too much an increase in the 
deflection of the metal mould and, in particular, the die 
will occur which will affect the dimensional precision of 
the manufactured product. Thereupon, the upper limit 
adopted for the extrusion ratio is 50 for a large billet 
and 100 for a small billet. 

[0016] Figure 7 is a graph that pertains to the third 
practical example of the present invention in which the 
horizontal axis refers to the choke angle and the 
vertical axis refers to the clad ratio (%) . 
Third practical example: As is explained by the 
abovementioned Figure 4 (d) , the choke angle was altered 
in stages and the clad ratio (%) was examined at these 
times. The testing conditions thereof are outlined in a 
table provided in the lower-half section of the diagram. 
Shell-forming first billet Aluminium 6063 
Core-forming second billet Aluminium 4032 
Billet temperature 450°C 
Bearing length 3mm 
Extrusion ratio 24 

Extrusion speed 30m/min (stem speed) 

As is clear from the graph, the shell thickness can be 
altered by altering the choke angle. However, if the 
choke angle exceeds 0.5° the thickness of the shell that 
is produced will not be viery thick. Conversely, because 
of difficulties achieving precision processing if the 
choke angle is 0.5° or less, a bearing length of 2 to 3mm 
at 10 to 15° is preferred. 

[0017] Figure 8 is a graph that pertains to the fourth 
practical example of the present invention in which the 
horizontal axis refers to the extrusion speed and the 
vertical axis refers to the clad ratio (%) . 
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Fourth practical example: The extrusion speed was altered 
in stages and the clad ratio (%) was examined at these 
times. Alteration of the extrusion speed was achieved by 
simply altering the movement speed of the stem. The 
testing conditions thereof are outlined in a table 
provided in the lower-half section of the diagram. 
Shell-forming first billet Aluminium 6063 
. Core-forming second billet Aluminium 4032 
Choke angle 0° 
Billet temperature 450° 
Bearing length 5mm 
Extrusion ratio 24 

As is clear from the graph, the shell thickness can be 
altered by altering the extrusion speed. However, if the 
extrusion speed is too high the shell thickness does not 
necessarily increase by that same amount. Conversely, 
there is a marked generation of heat produced as a result 
of friction with the bearing and, accordingly, a 
subsequent fear that a deterioration of the shape of the 
shell will occur. Thereupon, the upper limit for the 
extrusion speed for aluminium 6063 is set at 60m/min. 
[0018] The shell thickness should be altered by the use 
of one or a plurality thereof in combination of the 
above-described practical examples. Of these, because the 
method for alteration of the bearing length affords 
independent control of both the productivity and the 
finishing precision, practical example 1 is most 
effective and, accordingly, it is desirable that 
practical example 1 be used either independently or that 
practical example 1 be used in combination with the other 
practical examples. In addition, if the billet 
temperature is altered, the resistance force on the 
bearing changes and, in accordance therewith, the 
compressive force changes! Thereupon, the billet ratio 
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can be altered by alteration of the billet temperature 
independently or in combination with the above-described 
causative factors. 
[0019] 

[Effect of the Invention] The present invention, which is 
based on the above-described configuration, affords the 
following effects. Because Claim 1 is characterized in 
that, in a method of manufacturing a clad material in 
which a compressive force acts by way of a stem on two 
types of billets arranged in a container to extrude them 
through a bearing, a first billet for forming the shell 
of the clad material is arranged on the die side of the 
container and a second billet for forming the core 
thereof is arranged with connection to the first billet, 
wherein the clad ratio is altered by altering the 
abovementioned compressive force, there is no need for 
the administration of special processing on the billets 
and, accordingly, production costs can be decreased. 
Moreover, because the thickness of the shell can be 
altered by altering the compressive force acting on the 
second billet, a wide range of shell thickness demands 
can be met easily. 

[0020] Because Claim 2 of the present invention is 
characterized in that the abovementioned compressive 
force is determined on the basis of at least one 
condition selected from bearing length equivalent to the 
die hole, choke angle equivalent to the tilt angle where 
a bearing of a tapered shape is used, extrusion ratio 
calculated as the cross-sectional area of the 
billet/cross-sectional area of the manufactured product, 
and extrusion speed, the thickness of the shell can be 
altered easily and, because the manufacture thereof can 
be implemented extremely efficiently, the related 
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manufacturing operation is simple and the burden on the 

operator is reduced. 

[Brief Description of the Diagrams] 

[Figure 1] is a general drawing of the method of 
manufacturing a clad material using an extrusion method 
pertaining to the present invention; 

[Figure 2] is a process diagram of the manufacture of the 
clad material pertaining to the present invention; 
[Figure 3] is a diagram for logically explaining the 
method of the present invention; 

[Figure 4] is a diagram that illustrates specific 
examples of the method of the present invention and a 
comparative example thereto; 

[Figure 5] is a graph pertaining to a first practical 
example of the present invention; 

[Figure 6] is a graph pertaining to a second practical 
example of the present invention; 

[Figure 7] is a graph pertaining to a third practical 
example of the present invention; and 

[Figure 8] is a graph pertaining to a fourth practical 
example of the present invention; 
[Explanation of Symbols] 

1 Clad material extrusion device, 2 Container, 3 Bearing, 
4 Die, 5 Stem, 7 Shell-forming first billet, 8 Core- 
forming second billet, 9 Clad material, P Compressive 
force 
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[Figure 1J [Figure 2] 
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[Figure 4] 
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[Figure 8] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .Thjs document has been translated_bycomputer t So the translation may not reflect theoriginat precisely. 
2>'** * shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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TECHNICAL FIELD 



{industrial Application] This invention relates to amelioration of the manufacture approach of the clad plate by the 
extrusion method. 

EFFECT OF THE INVENTION 

[Effect of the Invention] this invention demonstrates the following effectivenesTby the above-mentioned 
configuration. Claim 1 is characterized by changing a clad ratio by making compressive force act on two kinds of 
billets allotted in the container through a stem, allotting the 1st billet which serves as epidermis of a clad plate at the 
dice side in a container in the manufacture approach of the clad plate extruded from bearing, allotting the 2nd billet 
which is connected [ billet / this / 1st ] and serves as a core part, and changing said compressive force. Since it is, 
there is no need of performing processing according to rank to a billet, and a production cost can be lowered. In 
addition, since the thickness of epidermis is changed by changing the compressive force which acts on the 2nd billet, 
it responds to various skin-depth demands simply. 

[0020] Since it can change the thickness of epidermis easily since claim 2 set up compressive force by at least one 
chosen from the choke angle which the die length of the bearing equivalent to a die hole and bearing taper off, and 
is equivalent to the tilt angle in the case of be a configuration , the extrusion ratio computed with the billet cross 
section / product cross section , and the extrusion rate , and manufacture can carry it out very efficiently , fabrication 
operation becomes easy and an operator's burden becomes light . 



PRIOR ART 

[Description of the Prior ArQ^15aTplate' 

is manufactured for the purpose of raising the functional characteristic of a member by carrying out the laminating 
of a jointing material for corrugated fibreboard, corrosion-resistant material, the vibration resistance material, etc. to 
a front face. Various utilization is carried out at the manufacture approach, one approach in it extrudes, and it is law. 
[0003] JP,3-I38017,A "the manufacture approach of a solid clad plate" is released to the technique which extrudes a 
clad plate and is manufactured by law. This technique performs extrusion by the solid die by which the back end 
side was formed in the center of a front end side in the concave conical surface using the billet for core part 
formation of the shape of a cylinder in which the projected part for fitting of the letter of a protrusion was really 
formed, and the billet for epidermination of the shape of a ring by which fitting is carried out to this projected part 
for fitting. It is the technique of telling a longitudinal direction that the thickness of epidermis can do uniformly, by 
moving configuration member ******toa shaping hole quantitatively using the inclination of the conical surface of 
the dice back end. 

TECHNICAL PROBLEM ~ 

|?robfem(s) to be Solved by the Invention! However, since it uses the inclination of dice '****, me above-m^dohed 
technique tends to involve in epidermis, and when defects, such as a crack, are shown in epidermis, it will produce a 
streak (****), the part, i.e., the epidermis, by which the clad was carried out. Moreover, in order to prevent it, it is 
necessary to carry out removal processing of the epidermis by constant-rate cutting etc. from a front face. Therefore, 
it is the cause of deterioration of the quality of a clad plate, or a cost rise. Furthermore, with the above-mentioned 
technique, the configuration of a billet is complicated and the degree of freedom of a configuration is restricted. 
[0005] Moreover, the above-mentioned technique is a technique which makes thickness of epidermis uniform, and 
has not mentioned the technique of changing the thickness of epidermis. However, it is necessary to change the clad 
ratio which shows the thickness rate of epidermis if needed, and to also advance this research in recent years. Then, 
the purpose of this invention is to attain the simplification of the configuration of a billet and offer the technique 
which can change a clad ratio. 



MEANS 



[Means for Solving me Problem] It is characterized by to change a clad ratio by allotting the 2nd billet which this 
invention allots the 1st billet which serves as epidermis of a clad plate at the dice side in a container in the 
manufacture approach of the clad plate which compressive force is made to act on two kinds of billets allotted in the 
container through a stem, and is extruded from bearing, and connects [ billet / this / 1st ] it in order to solve the 
above-mentioned technical problem, and serves as a core part, and changing said compressive force. 
[0007] Said compressive force is characterized by being set up by at least one chosen from the choke angle which 
the die length of the bearing equivalent to a die hole and bearing taper off, and is equivalent to the tilt angle in the 
case of being a configuration, the extrusion ratio computed with the billet cross section / product cross section, and 
the extrusion rate. 

[Function] Drawing 1 (a) and (b) are the principle Figs, of the manufacture approach of the clad plate, by the 
extrusion method concerning this invention, and the extrusion equipment 1 for enforcing this invention approach 
consists of a container 2, a die 4 which formed bearing 3, and a plunger or a stem 5. By (a), a container 2 is loaded 
with the 1st billet 7 for epidermis, and the 2nd billet 8 for core parts at this order. The billets 7 and 8 with which it 
loaded by (b) are pressed by the stem 5. 

[0009] Drawing 2 (a) - (d) is the production process Fig. of the clad plate concerning this invention. By having been 
pushed by the stem 5 by (a), a part of 1st billet 7 is protruded from bearing 3, and, only in the part, the center of a 
front face of the 2nd billet 8 bulges to the front gradually. By (b), a part of 2nd billet 8 advances into the core of the 
1st billet 7 greatly. An arrow head shows the flow of metal notionally among drawing, (c) shows a steady state and 
the clad plate 9 which the epidermis by the 1st billet 7 covered to the core part by the 2nd billet 8 is extruded from 
bearing 3. An activity progresses further and (d) shows the condition that the residue of the 1st billet 7 and the 2nd 
billet 8 became less. That is, it is shown that an activity is continuable until one side of billets 7 and 8 is exhausted. 
[0010] this invention person etc. checked in the experiment that the difference according to rank was in the 
conventional approach and this invention approach so that it may mention later. It decided to form the following 
assumptions and to explain this difference theoretically. Drawing 3 (a) and (b) are drawings for explaining this 
invention approach theoretically, and the 1st billet 4 serves as a triangle cross section in the steady state of said 
drawing 2 (c). This cross section is called a dead metal and that configuration is decided by the property of an 
ingredient. Then, in drawing 3 (a), when N and the extrusion force of a stem are set to P for the upward force which 
met theta and this slant-face 4a in the tilt angle of slant-face 4a of the 1st billet 4, the following relational expression 
is materialized. The tilt angle theta is an include angle which is decided with an ingredient and on which it is easy to 
slide. 

N=P-costheta ... ** [001 1] In drawing 3 (b), if it supposes that a part of 1st billet 7 is torn off by the shearing force 
of the 2nd billet 8 and the cross section of the part torn off by tau and Force N along with slant-face 4a in the critical 
shear stress at that time is set to A, the following formula will be materialized. In addition, critical shear stress tau is 
a value decided by the presentation of an ingredient, temperature, etc. 

N=tau-A ... In a ** above-mentioned ** type and ** type, tau becomes fixed to costheta under the conditions. 
Moreover, the following formula is materialized from ** type and ** type. 

P-cos theta=tau-A ... **A=(cos theta/tau) -P ... In ** type **, since (cos theta/tau) is fixed, by changing P, A can be 
changed and the thickness of epidermis can be changed by changing A. In addition, the above explanation is an 
assumption and makes the below-mentioned experimental value forward to the last. 

[0012] The concrete approach of changing P was examined based on the above-mentioned assumption. Drawing 4 
(a) (a) shows the example of a comparison, bearing 3A at this time is straight bearing, - (d) is drawing showing this 
invention approach example and the example of a comparison, and die length is [ the path of that is d and ] I. (b) 
shows the 1st example and sets the die length of bearing 3B to L larger enough than that of the example of a 
comparison. Supposing it extrudes since resistance increases, and it does not change a rate, the extrusion force P will 
increase, consequently the thickness of epidermis will increase it (c) shows the 2nd example and sets the path of 
bearing 3C to D smaller than that of the example of a comparison. Supposing it extrudes since resistance increases, 
and it does not change a rate, the extrusion force P will increase, consequently the thickness of epidermis will 
increase it. Since the path of bearing 3C is changed seting the path of a container as constant, it means changing an 
extrusion ratio in this case. 

[0013] Although (d) shows the 3rd example, tapers off, and uses bearing 3D as the taper bearing of a configuration 
and the tilt angle is called choke angle, the choke angle alpha is given suitably. Although the choke angle of the 
example of a comparison is 0, if the choke angle alpha is given as shown in drawing, since bearing 3D will taper off 
and it will become a configuration, supposing it extrudes since resistance increases and does not change a rate, the 
extrusion force P will increase, consequently the thickness of epidermis will increase it In addition, since resistance 



will increase if the passing speed of a stem is gathered in the structure of (a) as the 4th example, the extrusion force 
P increases, consequently the thickness of epidermis increases it. In this case, it means changing an extrusion rate. 



[Example] The example of this invention is explained below. In addition, bearing points out the part which actually 
fabricates an ingredient in the hole prepared in the die. Moreover, an extrusion ratio is the value which **(ed) the 
billet cross section with the product cross section as stated previously. Drawing 5 is a graph concerning the 1st 
example of this invention, an axis of abscissa is bearing die length, and an axis of ordinate is a clad ratio (%). A clad 
ratio (%) is prescribed by x(skin-depth (mm) / clad plate radius (mm)) 100. 

The 1st example: Bearing die length was changed gradually and the clad ratio at that time (%) was investigated as 
said drawing 4 (b) explained. Experimental conditions are the 1st billet for epidermis as the table showed to the 
bottom half part of drawing. Aluminum material The 2nd billet for 6063 core parts Aluminum material 4032 billet 
temperature 450-degree-C choke angle 0-degree extrusion ratio 24 extrusion rate 30 m/min (stem speed) 
The skin depth can be changed by changing bearing die length so that clearly from a graph. However, bearing die 
length influences shaping of an ingredient directly, and makes the skin depth increase linearly. However, when 
bearing die length becomes long too much, contact friction becomes excessive and there is a possibility that 
epidermis may fracture by this frictional force. Then, bearing die length makes about 15mm an upper limit. 
[0015] Drawing 6 is a graph concerning the 2nd example of this invention, an axis of abscissa is an extrusion ratio 
and an axis of ordinate is a clad ratio (%). 

The 2nd example: The extrusion ratio was changed gradually and the clad ratio at that time (%) was investigated as 
said drawing 4 (c) explained. Experimental conditions are the 1st billet for epidermis as the table showed to the 
bottom half part of drawing. Aluminum material The 2nd billet for 6063 core parts Aluminum material 4032 billet 
temperature 450-degree-C bearing die length 5mm choke angle 0-degree extrusion rate 400 mm/min (clad plate rate) 
The skin depth can be changed by changing an extrusion ratio so that clearly from a graph. However, if an extrusion 
ratio is enlarged, bending of metal mold, especially a die will become large, and will influence the dimensional 
accuracy of a product. Then, if an extrusion ratio is in a large-sized billet and it is in 50 and a small billet, it makes 
100 an upper limit. 

[0016] Drawing 7 is a graph concerning the 3rd example of this invention, an axis of abscissa is a choke angle and 
an axis of ordinate is a clad ratio (%). 

The 3rd example: The choke angle was changed gradually and the clad ratio at that time (%) was investigated as 
said drawing 4 (d) explained. Experimental conditions are the 1st billet for epidermis as the table showed to the 
bottom half part of drawing. Aluminum material The 2nd billet for 6063 core parts Aluminum material 4032 billet 
temperature 450-degree-C bearing die length 3mm extrusion ratio 24 extrusion rate 30 m/min (stem speed) 
The skin depth can be changed by changing a choke angle so that clearly from a graph. However, if a choke angle 
exceeds 0.5 degrees, the skin depth will not become not much thick. On the contrary, since it is hard to take out 
process tolerance with 0.5 degrees or less, it is desirable to set bearing die length to 2-3mm at 10-15 degrees rather. 
[00 1 7] Drawing 8 is a graph concerning the 4th example of this invention, an axis of abscissa is an extrusion rate 
and an axis of ordinate is a clad ratio (%). 

The 4th example: The extrusion rate was changed gradually and the clad ratio at that time (%) was investigated. 
Modification of an extrusion rate should just change the passing speed of a stem. Experimental conditions are the 1st 
billet for epidermis as the table showed to the bottom half part of drawing. Aluminum material The 2nd billet for 
6063 core parts Aluminum material 4032 choke angles 0-degree billet temperature 450-degree-C bearing die length 
5mm extrusion ratio The skin depth can be changed by changing an extrusion rate so that clearly from 24 graphs. 
However, even if it makes an extrusion rate high, the increment in the skin depth is not like it, either. On the 
contrary, there is a possibility that generation of heat by friction at bearing may become remarkable, and the 
configuration of epidermis may worsen. Then, let 60 m/min be upper limits by the aluminum material 6063. 
[0018] What is necessary is just to change the skin depth combining one sort or plurality of the above-mentioned 
example. It is desirable for it to be more effective and to combine other examples with example 1 independent one 
or an example 1 from the ability of the method of changing the bearing die length of an example 1 to control 
independently the both sides of productivity and workmanship precision especially. Moreover, if billet temperature 
is changed, the drag force in bearing will change and compressive force will change according to it. Then, it is also 
possible to change a billet ratio by combining with a billet temperature independent or the above-mentioned place 
factor. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 1 The principle Fig. of the manufacture approach of the clad plate by the extrusion method concerning 
this invention 

f Drawing 21 The production process Fig. of the clad plate concerning this invention 

f Drawing 31 Drawing for explaining this invention approach theoretically 

[Drawing 4] Drawing showing this invention approach example and the example of a comparison 

[Drawing 51 The graph concerning the 1st example of this invention 

[Drawing 61 The graph concerning the 2nd example of this invention 

[Drawing 71 The graph concerning the 3rd example of this invention 

[Drawing 81 The graph concerning the 4th example of this invention 

[Description of Notations] 

1 [ - A die, 5 / - A stem, 7 / - The 1st billet for epidermis 8 / - The 2nd billet for core parts 9 / - A clad plate, P / - 
- Compressive force. ] - The extrusion equipment of a clad plate, 2 - A container, 3 - Bearing, 4 



DETAILEDDESCRIPTIOrT ~ === 

(Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of the manufacture approach of the clad plate by the 

extrusion method. 

[0002] 

[Description of the Prior Art] A clad plate is the layered product of the ingredient with which properties differ, and 
is manufactured for the purpose of raising the functional characteristic of a member by carrying out the laminating 
of a jointing material for corrugated fibreboard, corrosion-resistant material, the vibration resistance material, etc. to 
a front face. Various utilization is carried out at the manufacture approach, one approach in it extrudes, and it is law. 
[0003] JP,3-138017,A "the manufacture approach of a solid clad plate" is released to the technique which extrudes a 
clad plate and is manufactured by law. The billet for core part formation of the shape of a cylinder by which, as for 
this technique, the projected part for fitting of the letter of a protrusion was really formed in the center of a front end 
side, The solid die by which the back end side was formed in the concave conical surface performs extrusion using 
the billet for epidermination of the shape of a ring by which fitting is carried out to this projected part for fitting, and 
the inclination of the conical surface of the dice back end is used for configuration member By making it 

move to a shaping hole quantitatively, it is the technique of telling a longitudinal direction that the thickness of 
epidermis can do uniformly. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since it uses the inclination of dice **♦*, the above-mentioned 
technique tends to involve in epidermis, and when defects, such as a crack, are shown in epidermis, it will produce a 
streak (****), the part, i.e., the epidermis, by which the clad was carried out. Moreover, in order to prevent it, it is 
necessary to carry out removal processing of the epidermis by constant-rate cutting etc. from a front face. Therefore, 
it is the cause of deterioration of the quality of a clad plate, or a cost rise. Furthermore, with the above-mentioned 
technique, the configuration of a billet is complicated and the degree of freedom of a configuration is restricted. 
[0005] Moreover, the above-mentioned technique is a technique which makes thickness of epidermis uniform, and 
has not mentioned the technique of changing the thickness of epidermis. However, it is necessary to change the clad 
ratio which shows the thickness rate of epidermis if needed, and to also advance this research in recent years. Then, 
the purpose of this invention is to attain the simplification of the configuration of a billet and offer the technique 
which can change a clad ratio. 
[0006] 

[Means for Solving the Problem] It is characterized by to change a clad ratio by allotting the 2nd billet which this 
invention allots the 1st billet which serves as epidermis of a clad plate at the dice side in a container in the 
manufacture approach of the clad plate which compressive force is made to act on two kinds of billets allotted in the 
container through a stem, and is extruded from bearing, and connects [ billet / this / 1st ] it in order to solve the 
above-mentioned technical problem, and serves as a core part, and changing said compressive force. 
[0007] Said compressive force is characterized by being set up by at least one chosen from the choke angle which 



the die length of the bearing equivalent to a die hole and bearing taper off, and is equivalent to the tilt angle in the 
case of being a configuration, the extrusion ratio computed with the billet cross section / product cross section, and 
the extrusion rate. 
[0008] 

[Function] Drawing 1 (a) and (b) are the principle Figs, of the manufacture approach of the clad plate by the 
extrusion method concerning this invention, and the extrusion equipment 1 for enforcing this invention approach 
consists of a container 2, a die 4 which formed bearing 3, and a plunger or a stem 5. By (a), a container 2 is loaded 
with the 1st billet 7 for epidermis, and the 2nd billet 8 for core parts at this order. The billets 7 and 8 with which it 
loaded by (b) are pressed by the stem 5. 

[0009] Drawing 2 (a) - (d) is the production process Fig. of the clad plate concerning this invention. By having been 
pushed by the stem 5 by (a), a part of 1 st billet 7 is protruded from bearing 3, and, only in the part, the center of a 
front face of the 2nd billet 8 bulges to the front gradually. By (b), a part of 2nd billet 8 advances into the core of the 
1st billet 7 greatly. An arrow head shows the flow of metal notionally among drawing, (c) shows a steady state and 
the clad plate 9 which the epidermis by the 1st billet 7 covered to the core part by the 2nd billet 8 ts extruded from 
bearing 3. An activity progresses further and (d) shows the condition that the residue of the 1st billet 7 and the 2nd 
billet 8 became less. That is, it is shown that an activity is continuable until one side of billets 7 and 8 is exhausted. 
[0010] this invention person etc. checked in the experiment that the difference according to rank was in the 
conventional approach and this invention approach so that it may mention later. It decided to form the following 
assumptions and to explain this difference theoretically. Drawing 3 (a) and (b) are drawings for explaining this 
invention approach theoretically, and the 1st billet 4 serves as a triangle cross section in the steady state of said 
drawing 2 (c). This cross section is called a dead metal and that configuration is decided by the property of an 
ingredient. Then, in drawing 3 (a), when N and the extrusion force of a stem are set to P for the upward force which 
met theta and this slant-face 4a in the tilt angle of slant-face 4a of the 1st billet 4, the following relational expression 
is materialized. The tilt angle theta is an include angle which is decided with an ingredient and on which it is easy to 
slide. 

N=P-costheta ... ** [001 1] In drawing 3 (b), if it supposes that a part of 1st billet 7 is tom off by the shearing force 
of the 2nd billet 8 and the cross section of the part torn off by tau and Force N along with slant-face 4a in the critical 
shear stress at that time is set to A, the following formula will be materialized. In addition, critical shear stress tau is 
a value decided by the presentation of an ingredient, temperature, etc. 

N=tau-A ... In a ** above-mentioned ** type and ** type, tau becomes fixed to costheta under the conditions. 
Moreover, the following formula is materialized from ** type and ** type. 

P-cos theta=tau-A ... **A=(cos theta/tau) -P ... In ** type *♦, since (cos theta/tau) is fixed, by changing P, A can be 
changed and the thickness of epidermis can be changed by changing A. In addition, the above explanation is an 
assumption and makes the below-mentioned experimental value forward to the last. 

[0012] The concrete approach of changing P was examined based on the above-mentioned assumption. Drawing 4 
(a) (a) shows the example of a comparison, bearing 3A at this time is straight bearing, - (d) is drawing showing this 
invention approach example and the example of a comparison, and die length is [ the path of that is d and ] 1. (b) 
shows the 1st example and sets the die length of bearing 3B to L larger enough than that of the example of a 
comparison. Supposing it extrudes since resistance increases, and it does not change a rate, the extrusion force P will 
increase, consequently the thickness of epidermis will increase it (c) shows the 2nd example and sets the path of 
bearing 3C to D smaller than that of the example of a comparison. Supposing it extrudes since resistance increases, 
and it does not change a rate, the extrusion force P will increase, consequently the thickness of epidermis will 
increase it. Since the path of bearing 3C is changed seting the path of a container as constant, it means changing an 
extrusion ratio in this case. 

[0013] Although (d) shows the 3rd example, tapers off, and uses bearing 3D as the taper bearing of a configuration 
and the tilt angle is called choke angle, the choke angle alpha is given suitably. Although the choke angle of the 
example of a comparison is 0, if the choke angle alpha is given as shown in drawing, since bearing 3D will taper off 
and it will become a configuration, supposing it extrudes since resistance increases and does not change a rate, the 
extrusion force P will increase, consequently the thickness of epidermis will increase it In addition, since resistance 
wi ll increase if the passing speed of a stem is gathered in the structure of (a) as the 4th example, the extrusion force 
P increases, consequently the thickness of epidermis increases it In this case, it means changing an extrusion rate. 
[0014] ° 
[Example] The example of this invention is explained below. In addition, bearing points out the part which actually 
fabricates an ingredient in the hole prepared in the die. Moreover, an extrusion ratio is the value which **(ed) the 
billet cross section with the product cross section as stated previously. Drawing 5 is a graph concerning the 1st 
example of this invention, an axis of abscissa is bearing die length, and an axis of ordinate is a clad ratio (%). A clad 



ratio (%) is prescribed by x(skin-depth (mm) / clad plate radius (mm)) 100. 

The 1st example: Bearing die length was changed gradually and the clad ratio at that time (%) was investigated as 
said drawing 4 (b) explained. Experimental conditions are the 1st billet for epidermis as the table showed to the 
bottom half part of drawing. Aluminum material The 2nd billet for 6063 core parts Aluminum material 4032 billet 
temperature 450-degree-C choke angle 0-degree extrusion ratio 24 extrusion rate 30 m/min (stem speed) 
The skin depth can be changed by changing bearing die length so that clearly from a graph. However, bearing die 
length influences shaping of an ingredient directly, and makes the skin depth increase linearly. However, when 
bearing die length becomes long too much, contact friction becomes excessive and there is a possibility that 
epidermis may fracture by this frictionaJ force. TTien, bearing die length makes about 15mm an upper limit. 
[0015] Drawing 6 is a graph concerning the 2nd example of this invention, an axis of abscissa is an extrusion ratio 
and an axis of ordinate is a clad ratio (%). 

The 2nd example: The extrusion ratio was changed gradually and the clad ratio at that time (%) was investigated as 
said drawing 4 (c) explained. Experimental conditions are the 1st billet for epidermis as the table showed to the 
bottom half part of drawing. Aluminum material The 2nd billet for 6063 core parts Aluminum material 4032 billet 
temperature 450-degree-C bearing die length 5mm choke angle 0-degree extrusion rate 400 mm/mi n (clad plate rate) 
The skin depth can be changed by changing an extrusion ratio so that clearly from a graph. However, if an extrusion 
ratio is enlarged, bending of metal mold, especially a die will become large, and will influence the dimensional 
accuracy of a product Then, if an extrusion ratio is in a large-sized billet and it is in 50 and a small billet, it makes 
100 an upper limit. 

[0016] Drawing 7 is a graph concerning the 3rd example of this invention, an axis of abscissa is a choke angle and 
an axis of ordinate is a clad ratio (%). 

The 3rd example: The choke angle was changed gradually and the clad ratio at that time (%) was investigated as 
said drawing 4 (d) explained. Experimental conditions are the 1st billet for epidermis as the table showed to the 
bottom half part of drawing. Aluminum material The 2nd billet for 6063 core parts Aluminum material 4032 billet 
temperature 450-degree-C bearing die length 3mm extrusion ratio 24 extrusion rate 30 m/min (stem speed) 
The skin depth can be changed by changing a choke angle so that clearly from a graph. However, if a choke angle 
exceeds 0.5 degrees, the skin depth will not become not much thick. On the contrary, since it is hard to take out 
process tolerance with 0.5 degrees or less, it is desirable to set bearing die length to 2-3 mm at 10-15 degrees rather. 
[0017] Drawing 8 is a graph concerning the 4th example of this invention, an axis of abscissa is an extrusion rate 
and an axis of ordinate is a clad ratio (%). 

The 4th example: The extrusion rate was changed gradually and the clad ratio at that time (%) was investigated. 
Modification of an extrusion rate should just change the passing speed of a stem. Experimental conditions are the 1st 
billet for epidermis as the table showed to the bottom half part of drawing. Aluminum material The 2nd billet for 
6063 core parts Aluminum material 4032 choke angles 0-degree billet temperature 450-degree-C bearing die length 
5mm extrusion ratio The skin depth can be changed by changing an extrusion rate so that clearly from 24 graphs. 
However, even if it makes an extrusion rate high, the increment in the skin depth is not like it, either. On the 
contrary, there is a possibility that generation of heat by friction at bearing may become remarkable, and the 
configuration of epidermis may worsen. Then, let 60 m/min be upper limits by the aluminum material 6063. 
[001 8] What is necessary is just to change the skin depth combining one sort or plurality of the above-mentioned 
example. It is desirable for it to be more effective and to combine other examples with example 1 independent one 
or an example 1 from the ability of the method of changing the bearing die length of an example I to control 
independently the both sides of productivity and workmanship precision especially. Moreover, if billet temperature 
is changed, the drag force in bearing will change and compressive force will change according to it Then, it is also 
possible to change a billet ratio by combining with a billet temperature independent or the above-mentioned place 
factor. 
[0019] 

[Effect of the Invention] This invention demonstrates the following effectiveness by the above-mentioned 
configuration. In the manufacture approach of the clad plate which claim 1 makes compressive force act on two 
kinds of billets allotted in the container through a stem, and is extruded from bearing By allotting the 1st billet used 
as the epidermis of a clad plate to the dice side in a container, allotting the 2nd billet which is connected [ billet / this 
/ 1st ] and serves as a core part, and changing said compressive force Since it is characterized by changing a clad 
ratio, there is no need of performing processing according to rank to a billet, and a production cost can be lowered. 
In addition, since the thickness of epidermis is changed by changing the compressive force which acts on the 2nd 
billet, it responds to various skin-depth demands simply. 

[0020] Since it can change the thickness of epidermis easily since claim 2 set up compressive force by at least one 
chosen from the choke angle which the die length of the bearing equivalent to a die hole and bearing taper off, and 



is equivalent to the tilt angle in the case of be a configuration , the extrusion ratio computed with the billet cross 
section / product cross section , and the extrusion rate , and manufacture can carry it out very efficiently , fabrication 
operation becomes easy and an operator's burden becomes light . 

CLAIMS 



[daim(s)] " ~ ~ 

[Claim 1] The manufacture approach of the clad plate by the extrusion method characterized by to change a clad 
ratio by making compressive force act on two kinds of billets allotted in the container through a stem, allotting the 
1 st billet which serves as epidermis of a clad plate at the dice side in a container in the manufacture approach of the 
clad plate extruded from bearing, allotting the 2nd billet which is connected [ billet / this / 1st ] and serves as a core 
part, and changing said compressive force. 

[Claim 2] Said compressive force is the manufacture approach of the clad plate by the choke angle which the die 
length of the bearing equivalent to a die hole and bearing taper off, and is equivalent to the tilt angle in the case of 
being a configuration, the extrusion ratio computed with the billet cross section / product cross section, and the 
extrusion method according to claim 1 characterized by being set up by at least one chosen from the extrusion rate. 
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